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Abstract Cyclins are a group of cell cycle regulatory pro-
teins. Cyclin B acts as an activator to cyclin-dependent kinase
1 (CDK1), a protein kinase essential for G2/M phase transi-
tion. Deregulation of cyclins has been linked to a number of
malignant neoplasms, but the impact on clinicopathological
parameters seems to be cancer-specific. Overexpression of
cyclin B has been shown to affect survival in some malignant
tumors, including breast and esophageal cancer, but its impact
on endometrial cancer has not been extensively studied.
For this study, 211 endometrial endometrioid adenocarci-
noma samples were obtained from patients surgically
treated at the Oulu University Hospital. The samples were
immunohistochemically stained and analyzed for cyclin B
expression. The relationships between cyclin B expression
and conventional prognostic factors were analyzed. A
discrimination threshold for survival analyses was calcu-
lated by utilizing the receiver operator characteristic
(ROC) method. Cyclin B expression correlated with grade
and advanced stage. Survival analyses showed that cyclin
B expression affects cancer-specific survival in univariate
analysis. In multivariate analysis, the results were indica-
tive that cyclin B may hold independent prognostic sig-
nificance, but further studies are required to assess this.
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Introduction

Endometrial cancer is the most common gynecological ma-
lignancy in Western countries. In Finland, the age-adjusted
incidence and mortality rates were 12.9 and 2.2 per 100,000
women in 2012, respectively [1]. The majority of the cases are
diagnosed in the early stages of the disease, giving an overall
5-year survival rate of 80 %. Endometrioid type forms the
most common histopathological type, comprising 84 % of the
cases [2].

Age, histopathological grade, and surgically defined stage
form conventional prognostic factors in endometrial cancer [2,
3]. In addition to these, many biomarkers have been studied in
an effort to find new factors to determine the aggressiveness of
the tumor [4].

One of the key events in the development of malignant
tumors is uncontrolled proliferation. Therefore, factors affect-
ing cell cycle form an interesting area of study in cancer
research. Among these factors are cyclins, cell cycle regula-
tory units, which play a key role in the control of cell cycle by
regulating the activity of cyclin-dependent kinases (CDKs) [5,
6].

Cyclins were first identified in the early 1980s as proteins
that degraded at the end of each M phase cycle in sea urchin
embryos. Later in the decade, it was established that the
previously identified maturation-promoting factor (MPF)
was in fact a complex consisting of cell division cycle protein
2 (Cdc2) and cyclin B (Cdc2, subsequently renamed CDK1).
The discovery was followed by the identification of other
cyclin-CDK complexes [7].

Cyclin-CDK complex levels oscillate in a specific manner
during the cell cycle. Cyclin D-CDK4/CDK6 and cyclin E-
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CDK2 complexes control G1 and S phase progression, where-
as cyclin B-CDK1 complex regulates the transition between
G2 and M phase. Cyclin A, on the other hand, has specificity
for both CDK1 and CDK2 and, along with cyclin B and cyclin
E, influences both S phase progression and G2/M transition
[5, 6].

The aim of this study was to investigate the impact of
cyclin B expression on cancer-specific survival as well as its
correlation with conventional prognostic factors in endome-
trial endometrioid adenocarcinoma. Deregulation of cyclin B
has previously been linked to a number of malignancies,
including non-small cell lung cancer [8, 9], esophageal squa-
mous cell carcinoma [10, 11], and breast cancer [12, 13]. The
expression of cyclin B, however, has not been extensively
studied in endometrial cancer.

Materials and methods

The patient population consisted of 211 patients who
underwent operation for endometrial endometrioid adenocar-
cinoma at the Department of Obstetrics and Gynecology of
the Oulu University Hospital between 1992 and 2000.
Extrafascial hysterectomy, bilateral salpingo-oophorectomy,
and pelvic lymphadenectomy were the operative treatment
in most cases. Two patients had preoperative, 134 patients
postoperative, and two pre- and postoperative radiotherapy.
Four patients received neoadjuvant and 45 adjuvant cisplatin-
based chemotherapy. The median age of the patients was
64 years (range 37–98) and median BMI was 29.7 kg/m2

(range 19.8–49.1). Median follow-up time was 77 months
(range 0–136 months). At the end of the follow-up, 33 out
of the 211 patients had died of the disease, 20 of other causes.

All the cases were staged according to the International
Federation of Gynecology and Obstetric (FIGO) classification
(2009). Formalin-fixed, paraffin-embedded tissue samples
were obtained from the Department of Pathology. Stage I
tumors were present in 140, stage II in 30, stage III in 36,
and stage IV in five patients. There were 112 grade 1, 66 grade
2, and 33 grade 3 tumors.

Immunohistochemical stainings for cyclin B

Four-micrometer-thick sections were cut from a representative
paraffin block. The sections were first deparaffinized in xylene
and rehydrated in descending ethanol series. To enhance im-
munoreactivity, the sections were incubated in 10 mM citrate
buffer (pH 6.0) and boiled in a microwave oven for 2 min at
850 W and after that for 8 min at 350 W. Endogenous perox-
idase activity was eliminated by incubation in 0.1 % hydrogen
peroxide in absolute methanol for 10 min. After incubation
with the polyclonal rabbit cyclin B antibody (sc-752, Santa
Cruz Biotechnology, Santa Cruz, California, USA), a

biotinylated secondary anti-rabbit antibody was applied (dilu-
tion, 1:400), followed by the avidin-biotin-peroxidase com-
plex (all from Dakopatts, Glostrup, Denmark). The color was
developed using 3,3′-diaminobenzidine, and the sections were
lightly counterstained with hematoxylin and mounted with
Eukitt (Kindler, Freiburg, Germany). Replacement of the pri-
mary antibody by PBS at pH 7.2 was used as negative
controls.

Cyclin B positivity was evaluated as a percentage of pos-
itive cells by evaluating the whole tumor section (Fig. 1).

Statistical analyses

All statistical analyses were carried out by using the SPSS for
Mac version 21 software. The relationships between the

Fig 1 Immunohistochemical staining for cyclin B produced various
results in the tumor samples ranging from a virtually negative through
b regionally stained to c diffusely stained
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clinicopathological variables and cyclin B were assessed with
the Kruskal-Wallis or Mann-Whitney U test. Receiver opera-
tor characteristic curve (ROC) was used to determine the
accuracy of cyclin B as a discriminator between patients with
a good and poor prognosis over a range of cutoff points. The
prognostic significance of different clinical variables was
assessed by univariate analysis. Cumulative survival was an-
alyzed by Kaplan-Meier analysis. The differences between the
subgroups were compared by means of a log-rank test. The
Cox proportional hazards model was used in multivariate
analysis (backward stepwise Wald) to assess the independen-
cy of the prognostic factors. A p value >0.1 was used for
model exclusion.

Results

Only eight samples out of the 211 had negative staining for
cyclin B. Staining for cyclin B was not performed in three
samples due to a limited number of tumor sections. The
median labeling index (LI) of cyclin B was 10 % (range 0–
100) and mean 13.3 % (SD 14.4).

The median LI in grade 1 tumors was 5 %. This increased
twofold for grade 2 tumors and threefold for grade 3 tumors.
The differences were statistically significant (Fig. 2).

In stage I tumors, the median LI for cyclin B was 10 %
(range 0–50). This remained the same for stage II tumors, with
little difference in the range (1–50). In stage III tumors, the

median LI increased to 20 % (range 1–100). In stage IV
tumors, the median LI was 5 % (range 3–10). The difference
between stage I and stage III tumors was statistically signifi-
cant, whereas the number of stage IV tumors was insufficient
for statistical analysis (Table 1).

The median LI for those who died of the disease was
12.5 % (range 1–100), whereas for those who survived or
died of other causes, the median LI was 10 % (range 0–70).
This difference was statistically significant (p=0.015).

Utilizing the ROC method, a cutoff value of 12.5 % for
cyclin B was calculated for survival analysis (sensitivity
0.516, specificity 0.699; area under the curve 0.637 (95 %
confidence interval (CI) 0.535–0.738); p=0.016). In the pa-
tient group with a cyclin B LI of 12.5 % or less, the Kaplan-

Fig 2 Box plot showing
increasing tendency of cyclin B
expression with grade (p<0.001).
The box represents data between
the 25th and 75th percentiles
(interquartile range, IQR), and the
horizontal line within the box
represents the median value. The
whiskers extend to data values
located within 1.5 times the IQR,
and the circles and asterisks
represent outliers and extreme
outliers, respectively

Table 1 Labeling indexes of stage

Number of patients LI median (%) p value

Stage

I 138 10 (0–50) 0.029a

II 29 10 (1–50)

III 36 20 (1–100)

IV 5 5 (3–10) 0.16b

I+II 167 10 (0–50)

III+IV 41 10 (1–100) 0.057c

a st I vs. st III
b st I vs. st II vs. st III vs. st IV
c st I+II vs. st III+IV
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Meier analysis showed a 5-year survival rate of 90%, whereas
in the group with a LI of over 12.5 %, the 5-year survival rate
decreased to 77 % (Fig. 3).

Stepwise regression analysis was performed with the fol-
lowing factors: cyclin B expression, age, FIGO stage, and
tumor grade. The analysis showed that the independent prog-
nostic factors were cyclin B expression, FIGO stage, and
tumor grade. However, the calculated hazard ratio in the
patient group with a cyclin B LI of over 12.5 % was 1.9 with
a 95 % confidence interval of 0.9–4.1 and a p value of 0.091.
Cox univariate analysis gave the group a hazard ratio of 2.3
(95 % CI 1.1–4.5; p=0.021).

Discussion

To our knowledge, this study is the largest cyclin B immuno-
histochemistry study on endometrial cancer published so far.
All of the patients were treated in the same facility, Oulu
University Hospital. Follow-up was organized systematically
and was sufficiently long to show the relapses and deaths from
the disease. Systematical surgical staging was performed in
accordance with the FIGO criteria, and all of the histological
samples were treated and analyzed with a uniform protocol.

In this study, we show that cyclin B expression correlates
with grade and, to a degree, with stage in endometrial
endometrioid adenocarcinoma. When comparing tumors ex-
tending outside the uterus to those limited to the uterus, the
difference in cyclin B expression produced near-significant
results. Statistically significant results were obtained by com-
paring the difference in the expression between stage I and
stage III tumors, implicating a correlation between cyclin B
expression and advanced stage.

In general, previous studies have not found any significant
correlation between cyclin B expression and FIGO stage
[14–18]. Interestingly, Rijcken et al. [17] showed that in
hereditary nonpolyposis colorectal cancer (HNPCC)-related
endometrial cancer, the overall expression of cyclin B was
higher than in sporadic cancer. In their study, cyclin B expres-
sion did correlate with advanced stage, but only in HNPCC-
related tumors. In contradiction to the previous studies, ad-
vanced stage seemed to correlate with cyclin B expression in
our study.

In conjunction with our results, high expression of cyclin B
has previously been linked to tumor grade byMilde-Langosch
et al. [15] and Rijcken et al. [17]. On the other hand, conflict-
ing evidence also exists [14, 16, 18]. The differences in the
results may be explicable in terms of our comparatively large
patient population of over 200 individuals in comparison to
the few dozens of individuals in the previous studies, as well
as various staining procedures used.

Deregulation of different cyclins has been studied in a
number of neoplasms, but interestingly, the impact on prog-
nosis seems to be cancer-specific [19–22]. High expression of
cyclin B has been reported to affect survival adversely in
gastric cancer [23], non-small cell lung cancer [8, 9], esoph-
ageal squamous cell carcinoma [10, 11], and breast cancer [12,
13]. An interesting addition to these are the findings of Shin
et al. [24], who reported a better survival for patients with high
expression of cyclin B in pancreatic neuroendocrine tumors.

In endometrial cancer, high expression of cyclin A and H
has been shown to be independent prognostic factors [16, 18,
25]. On the other hand, previous studies have not found a
correlation between cyclin B expression and prognosis [16,
18]. In this study, cyclin B is shown to be a prognostic factor in
univariate analysis. Furthermore, cyclin B reached a level
close to statistical significance in the Cox proportional hazard

Fig 3 Cancer-specific survival
according to cyclin B expression
(p=0.018; at 60 months p=0.008)
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model. These results are indicative that cyclin B may be an
independent prognostic factor, but further studies are required
to assess this.

The impact of age on prognosis in endometrial cancer has
been debated in recent years [26, 27]. Age was included in our
survival analysis, but it proved not to be a prognostic factor.
This may be explicable in terms of our study design, which
only included patients who underwent surgical treatment, as it
has been suggested that the impact age has on survival is
related to less aggressive treatment options and inaccuracies
in clinical cancer staging [2, 26].

Disadvantages of our study include the subjectivity of
interpreting immunohistochemical staining and the retrospec-
tive study design. Furthermore, a small number of patients
received therapy for their tumors prior to operation, possibly
affecting cyclin B levels in some samples.

In conclusion, we have shown here that cyclin B expres-
sion correlates with tumor grade and FIGO stage. Further-
more, cyclin B expression correlates with survival, but only in
univariate analysis.
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